Insulinlike growth factor-1 (IGF-1) expression is implicated in myocardial pathophysiology, and two IGF-1 mRNA splice variants have been detected in rodents, IGF-1Ea and mechano-growth factor (MGF). We investigated the expression pattern of IGF-1 gene transcripts in rat myocardium from 1 h up to 8 wks after myocardial infarction induced by left anterior descending coronary artery ligation. In addition, we characterized IGF-1 and MGF E peptide action and their respective signaling in H9C2 myocardiallike cells in vitro. IGF-1Ea and MGF expression were significantly increased, both at transcriptional and translational levels, during the late postinfarction period (4 and 8 wks) in infarcted rat myocardium. Measurements of serum IGF-1 levels in infarcted rats were initially decreased (24 h up to 1 wk) but remained unaltered throughout the late experimental phase (4 to 8 wks) compared with sham-operated rats. Furthermore, specific anti-IGF-1R neutralizing antibody failed to block the synthetic MGF E peptide action, whereas it completely blocked IGF-1 action on the proliferation of H9C2 cells. Moreover, this synthetic MGF E peptide did not activate Akt phosphorylation, whereas it activated ERK1/2 in H9C2 rat myocardial cells. These data support the role of IGF-1 expression in the myocardial repair process and suggest that synthetic MGF E peptide actions may be mediated via an IGF-1R independent pathway in rat myocardial cells, as suggested by our in vitro experiments.
INTRODUCTION
Myocardial infarction occurring after coronary artery occlusion leads to ischemic injury-mediated necrosis of myocardium followed by subsequent redistribution of cardiac loading in the viable myocardial tissue, which could result in congestive heart failure (CHF). CHF is considered to be an irreversible process, a belief stemming from the assumption that cardiac cells are not able to regenerate (1, 2) . Recent data suggest, however, that myocardium regenerates and that growth factors, such as insulinlike growth factor-1 (IGF-1), may play an important role in this process by preventing the apoptosis of myocardial cells (3) (4) (5) (6) (7) .
The IGF-1 gene consists of six exons, and alternative splicing has led to the identification of two different mRNA transcripts in rodents (8) , IGF-1Ea and mechano-growth factor (MGF). IGF-1Ea is the main isoform produced by the liver under the control of growth hormone (GH), and MGF was initially detected in skeletal muscle and was shown to be significantly upregulated by mechanical stimulation (9) . The MGF splice variant differs from IGF-1Ea by a 52-bp insert within the E domain of exon 5.
This insert results in a translational frame shift that leads to a carboxy terminal sequence different from that of IGF1Ea (8) . Thus, two IGF-1 precursor polypeptides are raised from the different IGF-1 transcripts. These IGF-1 propeptides yield the same mature IGF-1 peptide, which is derived from the highly conserved exons 3 and 4 of the IGF-1 gene. These exons are known to code for the binding domain of the IGF-1 receptor (IGF-1R). Posttranslational cleavage of IGF-1 precursor polypeptides removes the signal and the E-peptide and results in different E domains (10, 11) .
We examined the endogenous expression of IGF-1Ea and MGF after artery ligation-induced myocardial infarction in rats, and we characterized MGF E peptide signaling in H9C2 myocardial-like cells using a synthetic peptide that contained the last 24 amino acids of the E domain. Our data suggest that in rat 
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MATERIALS AND METHODS

Experimentally Induced Myocardial Infarction in Rats
For this investigation we used 72 male Wistar rats weighing 280-330 g. The study protocol was approved by the local ethics committee. Animals were housed 1-3 per cage in an approved animal facility (ELPEN Pharmaceuticals, Athens, Greece) with 12:12 h light-dark cycles and given free access to standard rodent chow and water. Before surgery rats were put under ether anesthesia in a specifically designed box for about 2 to 3 min. Subsequently, endotracheal intubation was performed under laryngoscopy by a specifically trained investigator and research assistant with the use of a 16-G venous catheter connected to a rodent ventilator (Harvard Apparatus, Holliston, MA, USA) at the following settings: tidal volume, 3 mL; rate, 70 breaths/min. Proper intubation was confirmed by observation of chest expansion and retraction during ventilated breaths. Anaesthesia was maintained using a mixture of 93% O 2 , 5% CO 2 , and 2% isoflurane. Myocardial infarction was induced by proximal artery ligation of the left anterior descending coronary artery as previously described in detail (12) . Briefly, after left thoracotomy the pectoralis muscle groups were dissected or cut transversely, exposing the thoracic cage. Occasionally, the internal mammary artery was severed, but bleeding usually stopped spontaneously. Blunt curved forceps were then plunged between the fifth and sixth ribs, through the intercostal muscles, at a point approximately 2 mm to the left of the sternum. In this way, bleeding from the internal epigastric artery was avoided. The gap was then widened by gentle pressure with the perforating forceps, and then the sixth rib was transacted with scissors. Bleeding that occurred occasionally was stopped with application of pressure with a sterile cotton swab for <20 s. With the use of forceps the pericardium was disconnected. A 6-0 silk suture (Ethicon, Somerville, NJ, USA) placed at the apex of the heart enabled us to exteriorize it without difficulty. We then introduced the needle of a 6-0 silk suture (Ethicon) into the pulmonary cone and brought it to the surface again at a point near the insertion of the left atrial appendage. In that way, the left coronary artery was ligated near its origin, producing a large myocardial infarction. By following these anatomical landmarks we were able to accurately reproduce the infarct size. Then, the heart was placed back into the thorax and the intercostal muscles were tightened to close the thoracic wall. Slight lateral pressure after tying this ligature squeezed the air out of the thorax, and because the skin, subcutaneous tissue, and muscles act as a valve, the pneumothorax was evacuated. The animals regained consciousness soon after we stopped the administration of isoflurane. The mortality due to the surgical procedure was 18% in our hands. Sham-operated animals were used as controls. In these animals the same procedure was followed without the ligation step. Animals were killed after the ligation procedure according to the protocol (at 1 h, 24 h, 4 d, 8 d, 4 wks, and 8 wks postsurgery).
Infarct size was confirmed by use of the Tetrazolium method. Briefly, in the anesthetized rat, the heart was excised and cut from apex to base transversely in sections 2-mm thick. The sections were then incubated in a 1% solution of triphenyltetrazolium chloride (TTC) for 10 to 15 min until viable myocardium was stained brick red. Infarctrelated myocardium is not stained with TTC. The tissue sections were then fixed in a 10% formalin solution and weighed. Color digital images of both sides of each transverse slice were obtained. The infarct zone and the periinfarct area were determined on the basis of the observed size of the infarct (~40% of the myocardium) and on the indicative tissue sections stained with TTC.
RNA Extraction and Reverse Transcription-Polymerase Chain Reaction Conditions
The rat cardiac tissues were homogenized (Ultra-Turrax T25; Thermo Fisher Scientific, Cheshire, UK) at 500g, and total RNA was extracted according to the Trizol Reagent protocol (Invitrogen, Carlsbad, CA, USA). Diethylpyrocarbonatetreated water was used for the dilution of the RNA pellet. The RNA concentration was estimated spectrophotometrically (Genova; Jenway, Essex, UK) by absorbance at 260 nm and the purity by the ratio of the absorbance at 260/280 nm. The RNA integrity was assessed by visualization of the 18S and 28S ribosomal RNA pattern in a denaturing agarose gel. In each sample 2 μg of total RNA was reverse-transcribed into cDNA by use of SuperScript II reverse transcriptase (Invitrogen) as described previously (13) .
To study the relative mRNA expression of the IGF-1Ea and MGF, in each polymerase chain reaction (PCR) reaction every target cDNA was coamplified with classic 18S internal standard (detected at 489 bp) (Ambion, Austin, TX, USA), and its expression was given as a ratio of the target cDNA/18S. This procedure compensates for differences in starting amounts of total RNA and in reverse transcription (RT) efficiency.
A linearity test for the coamplification of 18S and the different IGF-1 cDNAs (that is, reverse-transcribed mRNAs of MGF and IGF-1 Ea) as a function of PCR cycle number was used to validate the use of 18S for the correction for potential variability in the starting amount of cDNA in each case and to choose the appropriate amplification cycle number. Regression analysis showed that amplification of each PCR product was highly linear for the range of cycles (35) (36) (37) (38) (39) tested, with high coefficients of determination (data not shown).
To decrease the 18S signal so as to attain a linear amplification of each target mRNA and 18S to the same range, 18S primers and antagonists of primers were mixed at ratios that ranged from 1:2 to 1:4 depending on the abundance of the target mRNA. For both controls and pathological samples of every group, the same premixed reagents were used to minimize the differences in PCR efficiency. The relative quantitative RT-PCR methods used in the present study have been extensively validated in previously reported studies (14, 15) .
The PCR products were measured by use of a relative quantification procedure as described below. Ethidium bromide-stained 2% agarose gels were captured under ultraviolet light in a Kodak EDAS 290 imaging system (Carestream Health, Rochester, NY, USA), and PCR products were quantified by band densitometry with image software (Scientific Imaging Systems, Kodak ID, New Haven, CT, USA). Values of MGF and IGF-1 Ea PCR products were normalized to each corresponding ribosomal 18S and expressed as fold of change from the values of controls.
Primer sequences for rat IGF-1Ea and MGF mRNA were specifically designed on the basis of their specific sequence (8) . For IGF-1Ea primers the specific sequences were forward GCTTGCTCAC CTTTACCAGC and reverse AAGTG TACTTCCTTCTGAGTCT; for MGF they were forward GCTTGCTCACCTTTA CCAGC and reverse AAGTGTACTT CCTTTCCTTCTC. Primers were designed with the Primer Select computer program (DNAStar, Madison, WI, USA) and prepared by Invitrogen. Each set of primers was designed to detect and amplify specifically only one of the IGF-1 isoforms. The PCR mix for the amplification was constructed according to the HotStartTaq DNA Polymerase Kit (Qiagen, Valencia, CA, USA), and the reactions were carried out in a PTC-200 Peltier Thermal Cycler, (MJ Research, Waltham, MA, USA) at annealing temperatures of 65°C for IGF-1Ea and 57°C for MGF and extension at 72°C. The reaction was accomplished after 37 cycles, according to the results of linearity tests for each target mRNA and 18S. The expected sizes of the specific PCR products were initially verified by electrophoretic separation on agarose gel, and all target sequences were identified by sequencing analysis to ensure specificity of the primers and to further verify each target mRNA. In preliminary experiments, each primer set was tested for its compatibility with the 18S Classic primers.
Protein Extracts and Western Analysis
Total proteins were obtained from rat myocardium by lysis of 10 mg of the tissue in 1 mL RIPA Buffer (50 mM TrisHCl, 150 mM NaCl; Sigma, St. Louis, MO, USA) containing 0.55 Nonidet P-40; protease inhibitors 1 mM phenylmethylsulfonyl fluoride (Sigma), 10 μg/mL aprotinin, and 10 μg/mL leupeptin (Sigma); and phosphatase inhibitors 1 mM sodium ortovanadate and 1 mM NaF (Sigma). The samples were homogenized (homogenizer Ultra-Turrax T25, Thermo Fisher Scientific, Cheshire, UK) in the RIPA buffer and then incubated on ice for 20 min. The homogenates were cleared by centrifugation (500g, 4°C, 30 min). The extract was stored at -80°C. Protein concentrations were determined by protein assay (Bio-Rad Laboratories, Hercules, CA, USA).
Equal amounts of protein extracts (30 μg) from the myocardial tissues were mixed with a loading buffer [62.5 mM Tris, pH 6.8, 5% glycerol (v/v), 1% SDS (v/v), 2.5% β-mercaptethanol (v/v)], denatured at 95°C for 4 min, electrophoresed on 16% SDS-PAGE under denaturing conditions, and transferred onto nitrocellulose membrane (Bio-Rad Laboratories). Blots were then incubated with a blocking solution containing 5% nonfat milk powder in Tris phosphate-buffered saline (TBS; 10 mM Tris, pH 7.6; 100 mM NaCl) plus Tween (0.1% Tween 20) (TBS-T) at room temperature for 1 h. After three washes with TBS-T for 10-min intervals, blots were incubated with the following primary antibodies for the immunodetection of IGF-1Ea and MGF proteins: IGF-1Ea, mouse monoclonal anti-IGF-1 (1:200 dilution) (MS-1508; NeoMarkers, Fremont, CA, USA) (molecular weight of antigen, ~21 kDa), MGF, and rabbit anti-human MGF polyclonal antibody (1:10,000 dilution), which was raised against a synthetic peptide corresponding to the last 24 amino acids of the E domain of human MGF, as previously described (16) . Blots were incubated with the primary antibodies diluted in TBS-T overnight at 4°C under gentle shaking. After three washes with TBS-T, membrane was incubated with a horseradish peroxidase-conjugated secondary antirabbit IgG (goat antirabbit, 1:2000 dilution; Santa Cruz Biotechnology, Santa Cruz, CA, USA) or antimouse IgG (goat antimouse, 1:2000 dilution; Santa Cruz Biotechnology) in TBS-T containing 1% nonfat milk powder, for 1 h at room temperature. The expected bands were visualized by exposure of the membrane to x-ray film after incubation with an enhanced chemiluminecent substrate for 3 min (SuperSignal; Pierce Biotechnology, Rockford, IL, USA). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH, housekeeping gene) (1:2,000 dilution; Santa Cruz Biotechnology) was used as an internal standard to minimize the differences in the loading of the protein. The films were captured under white light in a Kodak EDAS 290 imaging system, (Carestream Health) and proteins were quantified by band densitometry using image software (Scientific Imaging Systems).
Cell Cultures
H9C2 rat myocardial cells were obtained from the American Type Cell Culture (ATCC, Bethesda, MD, USA). H9C2 cells were seeded in 6-well plate in Dulbecco's modified Eagle's medium/F-12 (Cambrex, Walkerville, MD, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS; Biochrom, Berlin, Germany) and 100 U/mL penicillin/ streptomycin (Cambrex) at 37°C in a humidified atmosphere of 5% CO 2 . Twenty-four h prior to various treatments, the culture medium was changed to 5% FBS. To study the actions of MGF and IGF-1 in rat myocardium, we used a synthetic peptide comprising the last 24 amino acids of the MGF E domain (16) , and a 70-amino acid human recombinant IGF-1 corresponding to the mature IGF-1 peptide (rhIGF-1; Chemicon, Temecula, CA, USA). The synthetic MGF E peptide was synthesized and validated as previously described (16) . Both the synthetic MGF E and the mature IGF-1 peptides were used in the following concentrations: 5, 25, and 50 ng/mL for 48 h. In the control cultures, H9C2 cells were treated under the same procedure using phosphate-buffered saline (PBS). To investigate if IGF-1 and MGF peptide act on myocardial cells via IGF-1R signaling, H9C2 cells were incubated with a monoclonal anti-IGF-1R neutralizing antibody (R&D Systems, Minneapolis, MN, USA) for 1 h prior to the various treatments with either mature IGF-1 or MGF peptide. The IGF-1R neutralizing antibody was used at a concentration of 10 μg/mL, according to the manufacturer's recommendation. In these experiments, control wells were treated only with anti-IGF-1R antibody, and the same procedure as in the treatment cultures was followed. H9C2 cells were plated at a cell density of 3.5 × 10 4 cells/well in 6-well plates and grown with DMEM/F-12 containing 10% FBS. After 24 h of cell seeding, the culture medium was changed to 5% FBS, and the cell cultures were exposed to the appropriate growth factor using dose-dependent experiments. Trypan blue assays were used for a cell number analysis as described previously (17) . To further investigate whether the mature IGF-1 and the MGF E peptide act through different intracellular pathways, we analyzed the activation (phosphorylation) of extracellular regulated kinase 1 and 2 (ERK1 and ERK2) and Akt-kinase (protein kinase B) in H9C2 cells as described previously (18) . Briefly, cells were exposed to 50 ng/mL of mature IGF-1 and MGF peptide for 5, 15, 30, and 60 min. Equal amounts of cell lysates (20 μg) were heated at 95°C for 5 min, electrophoresed on SDS-PAGE under denaturing conditions, and transferred onto nitrocellulose membrane (Bio-Rad Laboratories). The membranes were probed overnight with primary phosphospecific antibodies against phospho-ERK1/2 (Thr 202/Tyr 204), ERK1/2, phospho-Akt (Ser 473) and Akt (1:1,000 dilution; Cell Signaling, Beverly, MA, USA). The blots then were incubated with a secondary goat antibody raised against rabbit IgG conjugated to horseradish peroxidase (1:2,000 dilution; Santa Cruz Biotechnology), and the bands were visualized and densitometrically analyzed.
Serum IGF-1 Determination
The IGF-1 serum concentrations were measured with a commercially available standard sandwich enzyme-linked immunosorbent assay kit, according to the manufacturer's instructions (Immunodiagnostic Systems, Fountain Hills, AZ, USA). The method incorporated a sample pretreatment to avoid interference from binding proteins. A monoclonal anti-IGF-1 antibody was coated onto the inner surface of the microtiter wells. The pretreated, diluted samples were incubated together with biotinylated polyclonal rabbit anti-IGF-1 antibody and shaken for 2 h at room temperature. Then, the wells were washed and horseradish peroxidase-labeled avidin was added and bound to the biotin complex. After an additional wash, a singlecomponent chromogenic substrate was added to develop color. The absorbance of the stopped reaction mixture was read at 450 nm in a microtiter plate reader (Versamax; Molecular Devices, Sunnyvale, CA, USA). All samples were run simultaneously and analyzed in triplicate, and the results were averaged. The sensitivity, defined as the concentration corresponding to the mean plus 2 standard deviations (SD) of 20 replicates of the zero calibrator was 63 ng/mL. IGF-1 serum levels were measured both in experimental and sham-operated rats.
Immunohistochemistry
Myocardial tissues were fixed in 4% formaldehyde, embedded in paraffin wax, and cut in 3-μm sections. Then, the sections were adhered to glass slides, dried at 37°C overnight, dewaxed in xylene, and rehydrated in serial dilutions of ethanol. Then, the sections were immersed in 1% hydrogen peroxide in distilled water for 15 min and washed in distilled water and PBS buffer. Finally, the sections were incubated with the same primary polyclonal anti-MGF antibody that was used for the Western blot assay (at a dilution of 1:1000), in PBS overnight at 4°C. After washing in PBS buffer, secondary biotinylated goat antirabbit IgG (Dako Real EnVision, Glostrup, Denmark) was added for 25 min at room temperature, followed again by repeated PBS buffer washes. Incubation of the sections in a solution of 3,3-diaminobenzidine substrate-chromogen (Dako Real EnVision) in PBS (for 10 min) enabled the visualization of the immunocomplex. Staining was accomplished by immersion in hematoxylin for 5 min. After being washed in distilled water the sections were dehydrated in serial dilutions of ethanol and xylene and finally mounted in dibutyl phthalate xylene. The visualization of the sections was accomplished with a PENTAX-ZX-50 ASAHI digital color camera mounted on the microscope. The same experimental procedure was also performed for the negative control samples, with the omission of the primary antibodies.
Statistical Analysis
Changes in cell number analyses and in the transcriptional and translational expression of IGF-1 isoforms, as well as changes in IGF-1 serum measurements, were assessed using two-way analysis of variance with repeated measures over time (SPSS v. 11 statistical package). When significant F ratios were found for main effects or interaction (P < 0.05), the means were compared using Tukey's post-hoc tests. All data are presented as mean ± standard error of the mean (SEM). The level of significance was set at P < 0.05.
RESULTS
Infarct Evaluation and IGF-1 Expression after Myocardial Infarction
In all experimental animals, ligation of the left anterior descending artery did provoke an infarct, which extended from 20% to 40% of the rat myocardium (viable myocardium was stained brick red, whereas infarcted myocardium failed to be stained with TTC; Figure 1 ). In each animal the infarction was confirmed initially by the cyanotic color of the injured myocardium and by the deviation of the electrical axis in the electrocardiogram (data not shown). The expression of IGF1Ea and MGF was documented both at the transcriptional and translational levels using PCR, Western blot, and immunohistochemical analysis (Figure 2) . The expression profiles of IGF-1Ea and MGF during the postinfarction period revealed that both IGF-1Ea and MGF expression were significantly increased at 4 and 8 wks postinfarction in rat myocardium. However, fold increase of MGF expression was significantly higher (greater than five-fold) than that of IGF-1Ea (twofold) at both the transcriptional (Figure 3 , panel I) and translational level (Figure 3 , panel II).
Serum IGF-1 levels measured in the infarcted animals were significantly decreased compared with those of the sham-operated animals at the early postinfarction period (24 h and 8 d postinfarct) (Figure 4 ). Throughout the experimental period, however, measured levels were not significantly different in experimental animals compared with those measured in sham-operated animals (Figure 4 ; P > 0.05).
Characterization of Mature IGF-1 and Synthetic MGF E Peptide Actions on H9C2 Cell Proliferation
Trypan blue exclusion assays revealed that the synthetic MGF E peptide stimulated the proliferation of H9C2 cells as it did mature IGF-1 ( Figure 5, panel I) . However, the action of the synthetic MGF E peptide of H9C2 cells was not blocked by the anti-IGF-1R neutralizing antibody.
In contrast, anti-IGF-1R neutralizing antibody completely blocked the IGF-1-mediated action on H9C2 cells, suggesting that synthetic MGF E peptide action was mediated by an IGF-1R-independent mechanism ( Figure 5, panel I) . Exogenous administration of mature IGF-1 produced a time-dependent increase of ERK1/2 and Akt phosphorylation in H9C2 cells ( Figure 5, panel II) . However, the synthetic MGF E peptide activated ERK1/2 without affecting Akt phosphorylation ( Figure 5, panel II) . These data reinforced the notion that MGF E peptide acts on H9C2 cells through IGF-1R-independent signaling.
DISCUSSION
IGF-1 actions are mediated via the type I IGF-1 receptor (IGF-1R) (19) . However, insulin receptor (IR) and the hybrid IGF-1R/IR were recently reported to mediate certain IGF-1 actions (20) . Two primary signaling pathways are associated with the activation of IGF-1R (21, 22) . The Raf-MEK-ERK signaling pathways are Figure 1 . Histopathological analysis of the size of the infarcted region in rat myocardium using the Tetrazolium (TTC) method. Viable myocardium was stained brick red, whereas infarcted myocardium failed to be stained with TTC. In our experiments, 20%-40% of the rat myocardium was apparently damaged. Presented here is an example of rat myocardium excised and cut from base (upper panel) to apex (lower panel) transversely in 2-mm thick sections and stained with TTC. linked to cell growth and proliferation (21, 23) , and the activation of the phosphatidylinositol 3-kinase (PI3K)-Akt signaling cascade is critical for cell metabolism, growth, and antiapoptotic responses (24) .
Interest has recently increased in the role of the IGF-1 isoforms in the regulation of cardiac cell survival and function after myocardial infarction (25) . Exogenous administration of a synthetic MGF E peptide reduced postinfarct apoptosis in the periinfarct zone of sheep myocardium (12, 25) . In addition, genome-wide analysis in rats revealed upregulation of IGF-1 postinfarction (26) . Indeed, our data corroborate these data because coronary artery ligation-induced myocardial infarction was followed by an endogenous increase of IGF-1Ea and MGF expression, both at mRNA and protein levels. This finding was evident at the late postinfarction period (4 weeks and 8 weeks postinfarction), which is known to correspond to the timing of the cardiac remodelling/repair process in the postinfarction period (27) (28) (29) (30) . Notably, in a genome-wide (microarray) analysis in mice, up to 48 hours after myocardial infarction, IGF-1Ea and MGF were not reported to be detected (31) .
Our data also reveal legitimate evidence to support the notion that biologic actions and signaling of the synthetic MGF E peptide are mediated via an IGF-1R-independent mechanism. Conceivably, both IGF-1Ea and MGF expression play a role in the pathophysiology of rat myocardium; however, proteolytic production of the MGF E peptide by the MGF transcript apparently generates a novel mitogen for rat myocardial cells, which possesses possibly autonomous biologic actions.
The upregulation of IGF-1 expression, documented in our study, is in concert with recently reported findings of previous studies indicating that myocardial hypertrophy after infarction is accompanied by a progressive increase in cardiomyocyte volume over time (32) , an adaptive mechanism (29, 33, 34) that involves IGF-1 expression (35, 36) . IGF-1 . Serum IGF-1 levels measured in sham-operated and infarcted rats using enzymelinked immunosorbent assay as described in the "Material and Methods" section. Concentrations of IGF-1 were expressed as mean ± SEM of six measurements.*P < 0.05. Note that IGF-1 serum levels were decreased early (1 h to 1 wk) during the experimental procedure; however, these levels were not different during the late phase (4 wks and 8 wks) of the experimental procedure compared with measurements in sham-operated rats.
has been consistently reported to mediate skeletal muscle hypertrophy (21, 36, 37) , myocardial cell survival, and myocardium repair and hypertrophy (5, (38) (39) (40) (41) (42) (43) . In particular, IGF-1 expression prevented apoptosis of the viable myocardium after infarction and was implicated subsequently in cardiac hypertrophy and its detrimental impact on heart function (5,38,44). The two major IGF-1R-mediated signaling pathways, namely the Raf-MEK-ERK and the PI3K-Akt pathways, were both shown to be activated in myocardium postinfarction (45) (46) (47) . Indeed, the PI3K-Akt pathway was implicated in the survival of cardiac myocytes and protection of myocardial cells from reperfusion-induced injury in both in vitro (45, 48) and in vivo studies (49) . In addition, the IGF-1R-PI3K-Akt signaling pathway was shown to be essential for myocardial hypertrophy (50) (51) (52) . However, the data on the role of ERK phosphorylation in cardiac hypertrophy vary substantially. There is evidence that ERKs are involved as immediate downstream effectors of the cardiomyocyte hypertrophic responses (34, 53) without being the sole mediators of such responses (54) . Moreover, evidence indicates that activation of ERKs may have an inhibitory effect on hypertrophic responses (55) (56) (57) . Our study has evaluated the endogenous transcriptional and translational expression of the IGF-1 isoforms after myocardial infarction, showing that the fold increase of MGF expression was higher than that of IGF-1Ea. Thus, we postulate that increased MGF expression during this period could be a key determinant during the late postinfarction period, reflecting possibly local needs for a selective increase of ERK1/2 phosphorylation in infarcted myocardium.
Therefore, we propose that the upregulation of IGF-1Ea and MGF in the late postinfarct period in vivo could participate in the repair processes via IGF-1R-mediated and IGF-1R-independent mechanisms.
Notably, the upregulation of endogenous IGF-1 expression in rat myocardium was not accompanied by an increase of measured IGF-1 levels in serum, supporting the notion that IGF-1 expression serves the needs of rat myocardium locally.
In conclusion, we have documented that there is an increase of IGF-1 expression in rat myocardium after coronary artery infarction. The actions of our synthetic MGF E peptide are possibly IGF-1R independent, based on our in vitro studies using this synthetic MGF peptide. However, it would be interesting to test whether in vivo experiments can verify this type of action in vivo for the naturally occurring MGF E peptide. Elucidation of the precise role of MGF E peptide actions in cardiac repair and hypertrophic responses of the myocardium requires further investigation. In particular, the possible role of IGF-1 transcripts in other pathophysiological conditions (58-63) requires further investigation.
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We declare that the authors have no competing interests as defined by Molecular Medicine, or other interests that might be perceived to influence the results and discussion reported in this paper. Figure 5 . Analysis of H9C2 cell proliferation using the trypan blue assay. Panel I: The effects of mature IGF-1 and synthetic MGF E peptide on H2C2 cell proliferation (% cell number changes) in a dose-dependent manner as presented in the "Materials and Methods" section. Note that the IGF-1R neutralizing antibody (anti-IGF-1R ab) blocked IGF-1 effects without affecting the action of synthetic MGF E peptide on H9C2 cell proliferation. Data are presented as mean ± SEM. *Significantly different (P < 0.001) from control conditions. Panel II: Representative Western blot analysis of ERK1/2 and Akt phosphorylation in H9C2 cells after stimulation with IGF-1 and synthetic MGF E peptide in a time-dependent manner. Note that the MGF E peptide activated ERK1/2 phosphorylation; however, it did not activate Akt phosphorylation. IGF-1 did activate both ERK1/2 and Akt in H9C2 myocardial-like cells as expected. These data suggest that synthetic MGF E peptide could signal via an IGF-1R-independent mechanism in H9C2 cells.
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